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; INPRODUCTION eee, 

Gypsum is one of the importent nonmetallic minerals commonly used in 
building construction, but its other uses extend over 2 wide field; in the 
arts, in the plate glass and jewelry industry; as a filler in paint and pcaper; 
for confectionery molds, dental arid surgical plaster, etc. Chemically, gypsum 
is a sulphate pf calcium and differs from anhydrite, wnich has a similar com 
position, in that it crystallizes in nature with 2 molecules of water, corres- 
ponding to the formula, CaS0,.<H30. When pure it contains 79.1 per cent of 
calcium sulphate and 20.0 per cent of waters . 


In the form of a manufa netured powder,. free from any trace of color, 
gypsum is known as "mineral white" or "terra alba." ‘Tye chief demand for this 
material is in the paper trade,*in which it is employed as a filler. It is 
also used extensively for finishing cotton and Iace goods and to a small extent 
a8 a Substitute for lead compounds ‘and bdrites in the manufacture of paint. 


When ground, but othervise untreated, gyosum is used as a fertilizer, 
either by direct application to the soil or in alternate layers with manure. 
Stored in this manner, manure is said to lose only 2 per cent of its ammonia 
content in five or six months. - Gypsum is’ also mixed with chemical fertilizers 
as a diluent to reduce the percentage of Superphosphates. 


Ground gypsum is also used as a retarder in tne manufacture of Portland 
cement. In the United States and other. tountries exceot England and Germany 
the amount allowed is 3 per cent, while in these’ last two countries 2 per cent 
is permitted. Crude gypsum has been used to a limited extent as a source of 
sulphur in smelting ores, (notably New Caledonian nickel ores), While a very 
low grade of gypsum is used’to polish tin plate. © 


When heated to about 130° C. gypsum Losés ‘a portion of its water of 
crystallization, and the product forms the quicl:-setting cement known as 
"plaster of Paris," ao term which was apvlied to celcined gypsum because it was. 
mined in large quantities. jn-the Tertiary deposits at Lontmartre in the Paris 
basin, France. In addition to the ordinary uses of plaster of Peris for vuild- | 
ing it is employed extensively in the manufacture of molds, in modeling, and _ 
in the marble-working and lithographic trades. Very. pure plaster of Paris is 
used in dentistry, and this,dental plaster cozmands a high price, as does that 
used in orthopedig¢ SUTEery eatery as a filler for’ bandages. 


When heated to higher bermenetuees evpsum eecenes practically anhydrous. 
This product, if not heated too strongly, retains the power of setting and 
reverts to the hydrated form.’ ‘Anhydrous or practically anhydrous sulphate of 
lime, obtained by burning Eypsum under special conditions, is tne basis of 
various special cements and plasters. 
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- The writings of Theophrastus and Pliny show that the Greeks were 
familiar with the uses of plaster in making casts. According to the former, 


the first plaster casts were made by Lysistratus of Sicyon, Who was a brother _ . 


of the famous sculptor Lysippus. He made first a cast in plaster from the -. 
object and from this obtained a second one in wax. Rhaecas and Theodorus of _ 
Samos worked by the same method, but the art appears to have attracted very 
little attention and was soon neglected and in course of time forgotten. It--° 
was revived by Verocchio (1422-1488) and others, when the method of casting 

in plaster proved of great service in obtaining copies of the specimens of 
ancient sculpture which were then discovered. ) 


The great pyramids of Egypt contain guysum plaster work which was ‘Ox - 
ecuted at least 4,000 years ago and to-day is still hard and durable. | 


The alabaster used in these early days came mainly from Syria and 
upper Egypt. The statues and bas relief of the mausoleum of the Connetable 
de Lesdiguieres, of the Cathedral of Gap, were carved from alabaster taxen 
from Boscadon near Embrun, in the High Alps. At the present time large quan- 
tities are used in Italy for sculpture. Only in the past half century has 
calcined gypsum had any extensive use, although for several centuries, as noted 
above, it has been used to a limited extent for plaster and for making casts 
and statuary. _ | 


USE IN THE UNITED STATES 


The use of gypsum in the United States dates back about a century and = 
a quarter. The early settlers in their westward movement were the first to 


use gypsum, practically all in the form of land plaster or fertilizer. Gypsum... 


Was discovered in New York as early as 1792, but it was not until exactly a 
century later, 1892, that the first producttion of plaster of Paris from gypsum 
mined in the State was reported. In 1882, however, conSiderable quantities of 
Tock gypsum from Nova Scotia were said to have been used in the manufacture of 
Plaster of Paris in New York. The first use of gypsum in Virginia was in 1835 
as land plaster, and about 1840 the deposits near Grand Rapids, Mich.;were’ 
discovered. It was next utilized in Ohio, near Sandusky, in.1850; in Iowa, in 
the vicinity of Fort Dodge, in 1872; and in California in 1875. The.first’ 
mill for the manufacture of gypsum into plaster of Paris was built by George | 
Morrison, at Morrison, Colo., prior to 1875. | a eee ee 


In 1875, the Colorado Springs Plaster of Paris Co. erected at Colorado 
City, Colo., at a cost of $16,000 a plant with a capacity of 15,000 pounds of 
Plaster daily, which was about three times the demand in the State. Pyactical- 
ly no plaster was made, however, until 1879, in which year about 300,000. pounds 
Were produced. 


Since 1880 the growth of the gypsum industry has been very rapid. 
During the period 1898 to 1903 the increase in production was more than 350 per 
Cent; it was then that gypsum wall plaster began to be used extensively. _ 
largely as a result of its growing use as a building material the industry has 
érown in annual output from $750,000 ih 1898 to approximately $47,000,000 in 
1926 ($32,000,000 in 1928). 
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PHYSICAL PROPERTIES 


Gypsum has a hardness of 2 to 2.5, bs sed on lion's scale, and nenee 
can be easily scratched with the finger nail, Tne specific grovity is 2.6 
to 2.4, Ren oxtimatelss average. Weights of Sypsum ‘rock and, of veer of Paris 
are given in the following table: 


Avproximnte weicnts of sum ~ocl: and plaster of Paris 
Weight 
per cu. ft. 
; lbs. | 
Gypsum rock (not calcined and dry).........6. coseee 140-145 © 
Gypsum rock (crushed, not calcined and a a 
. dry, all to pass 1 in. ring)........s2 90-100 
Gypsum rock (crushed, not calcined and 80 per —— S 2 
ccnt to pass 100-mesh screen)....,....5. 75-80 © .-| 


Gypsum rock (ground and calcined 80 per. 


cent to pass 100-mesh screen). .Loose.. 55-65 

@ Shaken. 65~75 

Plaster of Paris. (rehydrated and ary) « rt ee a oY A ae 
SOLUBILITY - 


Gypsum is sparingly soluble in water, At 52° RE. 415 parts of water 
€issolves 1 part of gypsum. The maxim solwbility is reached at 100° F., 
and even then 468 varts of water are needed to dissolve 1 part of gypsum. 
following table shows the Solubdility 
at differert temperatures: - 3 


The 
of gypsum and anhydrous sulphate of lime — 


One part of. 
anznydrous 
Sulphate lime 
dissolves in 


One nate gypsum 
dissolves in 


Temperature 


415 


at 32,0 F. - 0°. parts of water . 525 naxtsice water 
64,59 F, = 18° ¢,. 386 parts of watér , 438 parts of water 
75.0° F, + 24° 6, o78 parts of water 479 parts of water 
89.6" F, = 32° C. 371 parts of water | 470 parts of water 
100.49 F, ~ 38° C, 368 parts of water 465 parts of water 
105.89 F. ~ 41° C,. 3870 parts of water ., » 468 parts of water 
127.49 BF, = 53° C, 375 parts of water 474 parts of water - 
161.6° Fe - 72° C. 591 parts of water 485 parts of water 
186,.8° F. ~ 86° C.. 417 narts of water | 528 parts of water 
212,.0° F. -100° 0. 452 parts of water o72 parts of water 
Substantially lower figures were revortcd by Van't Hoff and Weyerhorl, 


and H. S. Gale.in summing wu» their investigations stats that the solubility . 


of gypsum gradually 


increases with 


rise of temperature from about 0.18 per — 


cent at 32°F, (0°C.) to a maximum of about 0.21 per cent at bout 104° F, 


(40°C), With further increase in temperature the solubliity steadily decreases 
until at 212° F, (100° C.) it is again 0.18 »er cent, or about the same as it 
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Was ‘in ice water. ‘The solubility may be increased more than three times by 
the addition of sodium chloride and | more than four times Le the addition of 
magnesium chloride. 


Ave seaa ns to. these investigators only two forms of calcium sulphate - 
gypsum and natural anhydrite - are stable in-the presence of any solution, and 
the stability of one or the'other form depends on the temperature and nature 
of the solution with which it is in.contact, In pure solution gypsum is stable 
only up to 66°C., when it begins to be transformed into anhydrite, but as tne 
change takes place said the eee may be determined a the point of 
its cae : | one 

i a er el _ COMPRESSIVE SuRENOTE 

The compressive strength of raw gypsum tay a, mates of great practical 
importance, inasmuch as the load that may be assigned to gypsum pillars ina 
mine is directly dependent on this property. Tests of the compressive strength 
of several specimens have been made, the results showing strengths sufficient 
to sustain pressures of 2500 to 3200 pounds per Pavers inch. 


‘The strength of gypsum products varies considerably as a result of 
differences in as, methods of mee cs and the manner of mining. 


‘VARIES ‘OF evPSUM : 


‘In its native state eypsum ipaies in appearance and yhysical character- 
istics, and several varieties are given specific names, as follows:. 


Rock gypsum. © 
. Gypsite. 
Selenite or trantnaren: eypsume 
Satin spar. 
Alabaster or snowy gypsum. 
“Gypsum shales. - 
'Plumose or radiated eyeeum 


Anhydrite Gypsume a 


segpeus is generally white, but at dine: ranges in- ‘color from gray to 
black and is found in the light Shades of Deere pink, yellow, a and greene 
Pure powdered gypsum is Whites | | . 


Gypsum can exist in two crystalline cones (a) Honosymmetric (gypsum) § 
(2) orthorhombic or labile form. When heated a period of induction first 
occurs, during which the monosymmetric crystals of sypsum are converted into 
an orthorhombic form without loss of water. es | ‘ 


Sai tan sulpaate also exists: in combination with ee as oe hemihy~ 
drate, CaS0,3H,0 (orthorhombic), which sets. rapidly with.water. In the anhy- 
ous form three varieties of calcium Burp eve are recog enizeds (1) Soluble 


>. eee. - 


$- A, Brittain, - Paper ead ata meeting of the Wottingnam oa Brit. 
Chem. Soc, Feb. 21, 1923. 
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anhydrite (orthorhombic) which is extremely hygroscopic and sets rapidly; (2) 
Slow-setting anhydrite (orthohombic) which is not hygroscopic but which takes 
uo water and sets slowly; (S) natural anhydrite (orthorhombic) which is usually 
regarded as nonsetting, although it has been found that tais form sets slowly 
with water when sufficiently finely ground. When gypsum is calcined any of 
tne above varieties can be obtained, according to the temperature of calcina- 
tion. 


MINING METHCDS 


he thickness of the overburden ordinarily determines whether a deposit 
of gypsum is to be mined by opencut or underground methods, or disregarded. 
A hard roci: cover above the gypsum permits underground mining only, but where 
tne overburden is soft, unconsolidated, and of no great thickness it is removed 
and the emits &vypsum is mined by aupEEd ees 


Stripoine may be done either by hand or mechanically. At the .smaller 
deposits where the overburden is shallow the matcrial is shoveled by hand into 
carts or into a worked-out pit. Where the overburden is exceedinly thick and 
the deposit covers a large amount of ground steam snovels are more economical. 
The shovel gencrally loads directly into cars, whicn mar be used afterward for 
removing the crude gypsum to the mill, Horse scrapers are sometimes used, tue 
overburden first being loosened by plow. Scrapers are likewise employed to a 
considerable extent in some of. the Western States for mining gypsite or eartnly 
gypsum. Steam shovels could be used in digging gypsite, but as the deposits 
are generally small and of no great thickness the horse scrapers are usually 
more economical, At some places gypsite is dried after breaking it up with a 
disk harrow and is stored under sheds for use in wet weather because it can he 
pulverized and worked more easily when dry. 


For rock: gyosum open quarrying has many advantages and is the method 
used wherever vossible. The advantages over undoergrowid mining include cheaper 
operating costs, easier handling and supervision, easier selection of material, 
complete recovery, and in some places better working conditions. In only a few 
places, however, has quarrying practice results in sjstematic exploitation. Ths 
openings for the most part are irregular, having been carried back from the 
outcrop to the limit of economical stripping’ or of.safe working and along the 
outcrop for a greater or less distance... Often, an open quarry, after it has 
been extended to the maximum limit consistent with safety or economy, 18 aban- 
foned and a new opening made:a short distance farther along the outcrop. On 
the other hand, where tne thickness of the overburden is moderate, single 
quarries may be of ace Size. i ) 


Rock gypsum is broken froin tne ledge by blasting with low-power ex- 
plosives. If the face is high enough it is broken down by caving. Holes are 
drilled in the lower part-of the ledge with an auger or hand—power drill and 
blasted with light charges. Black powder is used where there is no moisture, 
but as a rule low-grade dynamite (18 to 20 per cent) is used for blasting and 
for breaking the large chunks. The blocks of gypsum thus brought down and 
broken with explosives or witn wedges and sledge harmers to a Size conveniént 
for handling are loaded into wagons or cars for nailing to the milk or loading 
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platform, In hand Loading there is opportunity to sort out inferior. meterial’. 


In inclined beds or places where the overburden ee 06 thick to 
be cheaply removed mining may be continued bevond the quarry face by under- : 
ground methods... This’ requires that a large part of the gypsum bed be left as 
pillars to sup»vort tho roof, After a number of years of work, as the under- 
ground passages become -very extensive, it may be cheaper to sink a new snaft 
than to extend the long. haul. to. the outcrop. | tk 


The underground methods aged for mining gypsum are sinilar to the 
room-and-pillar s7stem used in co2l mines, Main haulageways are driven and 
rooms laid off from them, pillars being left between the rooms to sup»vort the 
roof. The room-and-pillar system is the simplest and usually the most prac- 
tical method of underground recovery of & flat-lying bed, although it may 
entail the loss. of a considérable part of the deposit. The pillars usually 
are composed of good gypsum and constitute about 25 per cent of the bed. | 
Where gypsum is not left as a roof and where pillars can be drawn and the 
surface allowed to cave a bed may be completely mined out, but rarely more. 
than three-quarters of .g deposit can be extracted by underground mining. AS 
in open quarries, the gypsum is drilled by hand or power augers or drills. 
Tracks are laid to the working faces; and the broken gypsum is loaded’ directly 
into cars, which are trammed b:7 hand or by mole to the main houlageway, Where 
they are made up into trains and hauled to the surface or to the foot of a 
shaft by mile, by cable, or by Se locomotive. 


“PREPARAT TOi ss saan CT 


When different Sante of the bed vary in composition the purer rock may 
be sent to the mill for plaster, and the impure gypsum separated by hand- sort- 
ing may be utilized for land plaster, Preparing gypsum for land plaster con- 
sists only of crushing, drying, and grinding. For making other gypsum products 
the rock goes through. these operations: Crushing, drying, grinding, ‘calcining, 
screening, regrinding and mixing. Tne order in which these operations are per- 
formed differs in practice. _ | 3 ast ae 


Crnshi ng 


Rock gypsum is delivered to tre mil}. in block rS no Sah or fae one. man 
can handle, or as in the case of roc: imported from Canada and Mexico, in 
sizes ranging from fines to a product ‘Ww Waich passes a 6~inch ring, and is 

dunped into a bin or chute or on a platform from which it is fed directly into 
a large jaw crusher or a rotary crusner. The rock,is broken to. Somewnat less 
than the size of @ man's fist or about e Tacr 


Wiese’ the quantity of roc’: handled is ieee pre | the: ‘lumps vary con- 
siderably in size, economy ‘in power is gained by: running. the crude rock dumped 
from the mine car over a grizzly, or set of parallel iron bars; to sort out the 
material smaller than 3 inches and by oe one undersize directly to the 
secondard crushers. | a Hope te 


From the first or primary crusher the broken rock slides directly into 
the hopper of a secondary crusher installed below. Other forms of crushers 
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for gypsum are apparently being superseded by hammer mills. According to one 
operator, these mills give a very satisfactory feed material for Raymond mills 
and have corrected somewhat the troubles at the milis due to tramp iron. 
Tramo iron or steel mixed accidently with the gypsum in mining is usually re- 
moved by a magnet, which may be placed either on the plate over which the 
broken rock slides from the primary crusher to the secondary crusher, or sus- 
pended over a belt conveyor carrying the crushed rock from the secondary | 
crusher. In the latter position the magnet does not protect the crusher, but 
it makes more certain the removal of the metal. Sometimes a magnetic pulley 
is used at the end of the conveyor from the crusher which attracts and throws 
out all metal before it reaches the secondary crusher, 


Drying 


In most plants, especially in this country, the rock goes through a 
dryer after crushing. The dryer is a large, slightly inclined, rotating cy- 
linder. Crushed rock is fed into the upper end and hot gases are forced into 
the lower end. The surface moisture taken from the rock as it passes through 
is carried off by an exhaust fan, The dry rock discharged has a temperature 
of about 150° F, and is elevated to a storage bin at the top of the crusher 
buildinge To avoid staining the rock with smoke &@ mixture of cole and coal 
is used commonly for heating the dryer. 


Grinding | 


From a bin at the top of the building the crushed rock is fed by 
gravity through chutes to the pulverizers. The type. of. pulverizer used is not 
uniform, there being four that are giving service - Bury mills, emery mills, 
disintegrators, and roller net ee Si 


Burr mills. eux purrstone mill consiste of two rough, siliceous stone , 
disks; one of.these is stationary and the other. revolves concentrically 
against it. The stones are set either horizontal or vertical. Radiating 
grooves are cut into the grinding surface of eacn stone and must be recut 
when tne surfaces are worn smooth, which is about once a fortnight. Extra 
stones are kept on hand that time may not be lost during redressing. The 
vertical mills grind faster but not as uniformly fine as the horizontal mills. 
Burr mills reduce the partly crushed rock to 60 mesh or a size that will pass 
through a’ screen having 60 holes to the:linear-inch. The capacity of the 
mills varies but will average 30 tons of 60 mesh in 24 hours. The mills ar 
driven at speeds ranging up to 650 revolutions per minute, After the first. 
grinding the material may be screened and reground So that 85 per cent will 
pass a 100—mesh screen, 


Emery mills.-~ Built on the same plan, but with different material for. 
grinders, emery mills are an improvement on buhrstone mills.. The grinders have 
a center of buhrstone surrounded by concentric rings of grooved emery blockSe 
The whole is surrounded by an iron band and the loose blocks outside the bynr- 
stone core are case in metal. This type of stone was devised to remedy the 
wearing away of the outer part of the buhretone more rapidly than the centgre 
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Disintegrators.-~ A machine especially adapted to pulverizing soft 
rock, such as gypsum,’ has come into ‘extensive use in gypsum mills. It con- 
sists of two circular plates revolving concentrically in opposite directions’ 
on a horizontal axis. Each plate is armed with a double circle of short iron 
bars attached at rignt angles and so placed that they interlock with those of 
tne other plate, thus forming a circular cage made of four concentric rows of 
posts. The crushed gypsum fed into the center of the cage drops against the 
first set of iron bars. The impact with these bars breaks the gypsum, and it 
passes between them'to be struck at once by the second set of bars moving in 
the opposite direction. By the time the outer set of bars is passed, the rock 
is reduced to a powder, Speed regulates the fineness. — 


Roller mills.-- A method of producing a fine uniform product by grind- — 
ing and air separation used in a number of gypsum plants is known as tho Ray- — 
mond system. - Grinding is done by suspended rollers, and all working parts are .. 
inclosed in a tignt metal case. At the top of thé. main shaft, which is verti- - 
cal, is a rigidly attached spider that rotates with the shaft, To the spider 
arms the roller journals are pivotally suspended by trunnions fastened in the . 
top and carried in bearings in the spider. The speed of the machine regulates - 
the pressure the cast’‘iron rollers exert on the grinding surface, which is a- 
full ring mace of high carton steel. A-steel plow ahead of each roller throws. 

a stream of material between the face of the roller and the bull ring. A fan 
driven by an electric motor makes an air current that carries away pulverized. 
material. Selective sepzration of the sround rock is regulated by the speed 
of the fan. The air current also delivers the pulverized material to the 
bins above the calcinors, whereas from other types of pulverizers the vulver- 
ized gypsum is raised by elevators, usually the bucket-belt conveyor type, 
to Storage bins. a Oa ee I : : : 
PRIMARY PRODUCTS 
Cement Retarder 


' : “The manufacture of ‘calcined gypsum plasters consumes by. far the 
largest part of the domestic output. A-considerable quantity, hovever, is 
Sold and consumed in the cement industry without further preparation. Raw 
éypsum crushed to pass through a half-inch screen is added to the cement 
Clinker and ground with it. It is generally added in the proportion of 3 per 
cent of gypsum to the total quantity of cement. At some gypsum plants the 
Tock as it comes from the quarry or mine is passed over a screen having one-_ 
half to three-quarter inch openings. The rock pasSing through is stored in 
the bin bélow and shipped to the cement plants, while the larger sizes. are 
catried into the plant for further crushing. In this manner gypsum for the 
Cement industry does not go through any crushing operation, and therefore, 
there is very little addition to the cost of the crude ore to the cement plants. 

Some cement plants prefer calcined gypsum, even though the cost per 
ton may te more than twice that ‘of the crude ore. For this purpose thé cal- 
Cined gypsum is finely ground and added to the finished cement in very care~ 

ly measured quantities and is thoroughly mixed to insure a uniform sete 
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Sulphur trioxide (S03) | is isi active azent in the aia eales renders it 
valuable as a cement retarder. Cement should not develop its initial set in 
less than 45 minutes, not its final set in less than ten hours.4 


. According to generally accepted conclusions, hign-alvumina cements re- 
quire more sulphur trioxide to make them usable during the hot humid season 
than do the low-alumina and high-iron oxide cements. The finer a cement is 
ground the more sulphur trioxide is required to prevent it from setting too 

quickly, , 


_. Anhydrous gypsum (onnyarite) contains a , higher percentage of SOz than 
is found-in gypsum proper. some chemists at cement plants have no objection 
to the.use of anhydrite as a cement retarder, while others actually prefer it, 
as 1-ton. of. anhydrite contains more SOz than 1 ton of gypsum, and the cost is 
somewhat lower. The sulphur trioxide content of. the gypsum used in Portland 
cement must be fairly constant or an uneven set in the cement results. It 
seems probable that where trouble has resulted from the use of anhydrite the 
cause is often to be found in the fact that the percentage of 503 was not uni- 
form, rather than to the nature of the anhydrite itself. Anhydrite almost 
invariably occurs mixed with gypsum, and if it is used some care must be taken 
to see that the gypsum and anhydrite are so mixed by mechanical Beocee ee: that 
the SOz content is uniform throughout the entire mass. 


eo cypsem 


~ 


t : 


‘The second largest use of raw Sepsunianl one Of the - paxiiese uses in 
this country is as land plaster or fertilizer. It has a very beneficial effect 
with some crops, especially erover seen other oe plants. 


The history of the use of gypsum as a apuiviees dates back a little. 
more than 150 years. The earliest use of:gypsum for this purpose probably oe- 
curred in Wurttemburg, in southern Germany. Memoirs of the Economic Society 
of Berne, in 1768, contain the first account of the use of gypsum on the farme 
In the United States the use of eypsun as a fertili,er was mentioned as early 
as 1796 in Virginia. a i . 


The action of gypsum as a fertilizer is indirect, and it does not act 
as a plant food itself. ‘It is ‘supposed to act on the iouble Silicate of mag- 
nesia and potash, setting these substances free to act as a plant food. 


Land in the Western States. Which contains black alkali, or which 
upon being irrigated develops it in excess, to the detriment of crops, is made 
usable by the application of gypsum.” The carbonates of soda, potash, and 
magnesia, which form black alkali, are ,changed to sulphates, Which are less 
poe Enos to plants. 


Nitrogen, one of the host important and certainly one of the most 
expensive forms of piant food: to purchase in chemical form, is effectively 
and cheaply supplied to the soil indirectly by the use of gypsum. The legumes 
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contain numerous nitrogen-secreting bacteria and respond tremendously to a sul- 
phur fertilizer like gypsum. Moreover the gypsum has a very stimulating effect 
on the epee rien eer ee or nodule-forming bacteria of red. clover roots, 


Potash is spunaant in most soils, and normally ane ae of it is present, 
in an insoluble condition even in the first 6 inches of surface soil to meet 
the needs of hundreds of years. By the reaction of gypsum.on the potash sili- 
cates soluble potash is liberated without waste in sufficient quantities to feed 
the crops. . This action is assisted by turning under a green crop occasionally. 


Except for garden plots and truck farms where the large returns per 
acre justify expensive mixed fertilizers, it is in the interest of economy and 
efficiency to supply nitrogen by means of legumes and to add natural rock fer- 
tilizers - notably gypsum and rock phosphates - suitably ground. Lime is es- 
sential also to keep the soil in an alkaline condition, which makes it congen- 
lal to met CropSe  «. 


- The sulphur edsanttal to the ‘ania is best and most cheaply furnished 
by gypsum. Raw sulphur is effective, though it rapidly sours the Soil and this 
tendency must be constantly checked by the addition of lime. The sulphur mst 
be transformed into lime sulphate by chemical reaction in the soil, whereas 
eypsum, a neutral salt, is ee a line sulphate. : : 


‘Experiments by the United States Department. of Agriculture show iat 
gypsum has given remar’zable increase in the yleld of cotton.? 


‘The results are show in the table below: 


net 
Kind of fertilizer | Total fertilizers per acre | Avetagé Crop increase repre ae 
used per acre } per_acre 
used | Pounds |- D Liars Dollars 

Nitrate of soda > 73 - 160 | 4.00 64.0 6.40 240 
Sulphate of ammonie 17 |: 128 — 3.97 58.2 5.82 1.85 
Acid : hosphate 181 | &86 1.90 —~—- 698 5298 5.08 
Ground bone | 14 | 279 - 3-63 92.8 9.28 5.65 
Rock phosphate HG — 706 —68 18 ~4.0 040 3.08 
Floats 25 | e2or 50 | £16.7 1.67 — 280 
Basic slag 4 230 | 1.42 | 1.0 .10 1.52 
Bone black , ne: 500 5.50 132.7 | 13.27 Vell 
Muriate of potash 356 98 216 54.5 3 et 1.29 
Sulphate of an 6 | 112 B36 , 2162 2.12 1.4 
Kainit . “161° 292 - 1.75 3200. Beco 1.48 
Wood ashes ~" B 41,66e7 |. 4.17 68.0 6.80 |. 2.63 
Cottonseed hull ashes 12 ovl: 4.61 41.6 4.16 245 
Lime 3 {1,333 4.00 33.3 | «B33 67 
Marl ar: 900 |; ° .23 19.0 +|I| 1,90 1.67 
Salt 1a | 200 | 80 8.0 |! ‘08 88 
GYPSUM | 11 | #195 | 78 197.4 19.74 18.96 

54.0 5 40 3.07 


Total 559 200 


1) Value of cotton, 10 cents per pound. 
5 — U. S. Dept. igricsltare, Bureau of Soils, Bulle 62.6 
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Other Uses 


Very white gypsum, which has been .round and bolted through a 200— 
mesh screen, is sold as a filler for paper and paint under the name of Terra 
Alba. In the making of paper, its function is to close the pores and permit 
a hard glossy finish. The blueing and match industries also use large quan- 
tities as fillers. The readiness with which it can be ground to pass 200 mesh 
is an important property that makes gypsum an admirable filler in these indus- 
tires, i. + 


In certain processes gypsum is added as a flux to galena concentrates. 
In Germany it is used similarly in’ the smelting of lead—copper matte in rever~ 
beratory furnaces. Large quantities are required in the smelting of certain 
nickel ores in New Celedonia;' the zypsum in this case furnishes the sulphur 
necessary for collecting the metal into a matte and also acts as a base to 
counteract and slag the siliceous gangue. It has been used as an adulterant 
in flour, sugar, baking powder, etc. Mixed with a pure grade of wheat. flour 
it maxes what is known as Corine flour, used to dust molds for oe castings 
in foundries. — : - : 


 Finely-ground raw gypsum-as well as calcined gvpsum is used to dilute 
arsenic poisons that are employed in combatin,s insets, Hundreds of tons of | 
gypsum are used annually for this purpose, especially in the cotton-growing 
States of the South. Large quantities are also used in fighting potato bugs. 
The following experiment was one of a series tried by the Department of Agri- 
culture in its endeavor to find suitable methods to control the peste. 


Experiment Noe 6. — Tyis plot was treated with a mixture 
of Paris green and land plaster at the rate of 1 pound of 
Paris green to 50 pounds of plaster, the mixture being put 
into a coarse burlap bag and sifted over the plants by a 

negro laborer in the usual plantation manner, the amount of 
dust used being at the rate of 320 pounds per acre... The wind 
prevailing at the time carried a large part of the dust from 
the plant as it was applied, but the portion remaining was 
sufficient to thoroughly destroy the larvae by 48 hours after- 
Wards. Tpis mixture killed 90 per cent of the larvae during 
the first 24 hours, and is very effective in controlling the 
potato -bug. 


: The aiiweralorical term "alabaster" is seritigl to pure Sahite. seni- 
ienesene gypsum which +s used for.-statuary and vases. Its softness renders 
it easier to work than marble but the sane property renders it less durable. 


Tne cormion school: crayon imnown as chalk is made from finely ground 
uncalcined gypsum, The gypsum, with:-a suitable binder, is molded under 
pressuree : a 


‘Numerous -patents have been issued. to cover processes of hardening 
gypsum blocks till they equal marble. Some ambitious attempts have been made 
to establish a gypsum industry along this line. The processes are often suc- 
cessful, but until only recently none have yeen Bore to survive een aevues 
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business conditions. The United States Gypsum Co. has recently announced its 
intention of placing on the market a Joad-bearing tile called "structolite." 


Numerous Enauienta: -have been jeeued for extracting sulphuric acia from 
' eypsum, and during the war it is stated that Germany depended largely on 
gypsum for her supply of this essential.. When calcium sulphate is treated in 
an open tube it decomposes at 12009 C., the products being Cad and SO,. When 
it is mixed with molecular proportions of silica the temperature of dissocia- 
ation is 1005°, _ 


Gypsum may be converted into NaoS04 (sodium sulphate) and the antes 
into HaSO4 from which the free #2504 may be obtained. 


Raw gypsum #8 aueed in the mamfacture of rubber goods and: noneeeeon 
records. With other substances it enters largely into the composition of cer- 
tain kinds-of buttons. ‘It plays a:useful part in the filtering ond refining 
of oils, Tt is sometimes added to Water used | for brewing. 


‘Permanent ‘hardness: is asaivanie in water used in brewinz, and the pro- 
perty is chiefly due to calcium sulphate. In some sections of the country 
where the water is not of this character, it is customary to add gyvsuine In 
such cases the gypsum must be free from marl. 


The following table gives ‘an average analysis of brewer's gypsum! 
-'. Analysis of Brewer's eyosum 
ee , Per cent 


. Gypsum ........ pcihin ented aus eee ee weecee 95,84 
ea ioe st aieeiumns csenoisnacuenmeaaue 4. oo4 
Alumina and ferric Oxide coc wececvccccccevsee ef 
MAPNCN1E 46.04 sc Sad. Geta cS eteeeNoeeceee «OC 

. tRNA GS? 4 wenden eie Seen eeaeeenenekeekeeme . 024 
' Uncombined moisture and organic matter ..... 26 


100. OO: 


Both in this cue and in England there is some dienata for the Lowest 
grade of gypsum for polishing tin plate. The material used may be describod 
as marl full of gypsum veins, ground to fine powder, The darker ee are pre- 
ferred by some firms on cs ce that they are less dusty. 


CALCINING 


Calcining is the process of partly or completely dehydrating eypsum by 
heat. Two district groups of calcined gypsum products are recognized in the 
arts, The first ond more important group consists of gypsum that has been 
calcined at temperatures not exceeding 4009 F,. The second froup includes 
gypsum products: résulting from calcination at high vem cneyarees that is, from 


1652° to 25520 | Fr or to 14009 Co.) 
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In the early beginning of the industry on this. continent gypsum was 
"Cooked! in caldrons and stirred by hand. These caldrons had a capacity of 
only a few barrels and were heated with wood fires. The massive gypsum was 
broken with sledges'to small size and may have been ground before calcining. 
At one place in Utah in recent years ranchers have made gypsum plaster by burr- 
ing the rock in a rough stone kiln. over a wood fire. It is assumed that the 
rock was cooked in lumps and crushed or ground in a Doren mill after calci- 
nation. ‘ — , So 


Most of the plaster of Paris and wall plaster made in this country is 
calcined in specially constructed vertical cylinders called in the trade 
"kettles." Continuous rotary calciners are used in some of the American plants, 
and to some extent in other countries, notably Germany. 


| Most American gypsum mills calcine in kettles holding 8, 10, 12, or 
15 tons, those of 10-ton capacity being most common. The kettle consists of a 
steel shell cylindrical in shape, 8,or 10 feet high and with the bottom arch- 
ing up from 6 to 12 inches. It is made of steel from three-eighths fo three- 
quarters inch thick, and the. bottom may be either cast iron or steel and l 
to 3 inches thick. In some instances sectional-bottoms of six or more pieces 
are used, ; 2 : SO 


Four flues are commonly aceeent in each kettle; they may be placed 
about 18 inches from the bottom, or one pair may te. so placed and the other 
pair 12 or 14 inches above them. The kettle shell is inclosed with fire brick, 
leaving a space of 6 to 14 inches between the brick and the shell itself. Tne 
kettle rests upon a heavy cast lip ring. This ring is carefully protected 
from direct exposure to the heat of the fire box by fire brick, There is a 
space of 4 to 7 feet between the grates and the fire box, and the whole design 
of the kettle is intended to distribute the heat on the sides and through the 
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The vital point. in a calcining kettl6 is the bottom. The greatest 
trouble in connection with the operation of calcining kettles comes from leak- 
age through the bottom, or at the contact of the shell and the bottom with the 
lip ring. Hct gyosum, ground so that 90 per cent passes a 100-mesh screen, 
flows almost like water and will escape through very minute cracks, Steel 
bottoms do not crack as readily as cast iron, but they may buckle badly and 
pull away from the sides and allow the escape of uncalcined gypsum. 


Should any uncalcined gypsum escape into the hot box and become mixed 
with the calcined material a product of uneven set will result. Great care 
therefore must be taken that none of the uncalcined material escapes into the 
hot boxe 


The chemical changes that take place - in the xettle porrespena to 
definite temperatures and are accompanied by certain characteristic manifes- 
tations. When the temperature reaches 2629 F, (128° C.), steam begins to come 
off very rapidly, due to the breaking up of the molecules of water of crystal- 
lization. The self-recording thermometers coxmonly used on: modern kettles 
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_ May not register quite this temperature when the "first boil! - as this stage 
is: called - begins, but the. material néarest the heated surfaces. has, in places 
at least,. reached. this temperature. The temperature of the kettle, which 
‘hitherto has been rising rapidly, remains almost stationary while the mass 
within the kettle "boils" violently. The length of time that the boiling at 
this stage continues depends upon the size of the kettle and the vigor with . 
Which it is fired, but in the average practice it ends in about 45 minutes, 
The temperature begins to rise rapidly again and the plaster in the kettle be- 
comes sities quiet, that is, "enters tho first settle." 
7 It is the generally accepted opinion that wall plaster made Honmavers 
dei drawn from the kettles during the first settle works more casily and is 
more plastic than that made from material that has been further calcined. . For 
. wall plaster, therefore, the contents of the kettle are generally erechares’ 
when the. temperature is between. 330 and 340° F. 


Gypsite takes very mach eneer to calcine than ground rock eypsun., 
This is. due to the higher water content of gypsite.. If the gypsite has not 
first been passed through a dryer, from six to eight hours may be nécded to> 
calcine a single kettle charge, cir aia kettlos with —— ener, 
are comfonly used in gypsite mills. x oh, Do 


After the calcined. gypsum is emptied into the hot pit,-it is carried 
to, bins above the mixing and packing machines by spiral conveyors and belts. 
These bins aerate and cool the hot matcrial.: As the plaster is. needed, it 
goes into the mixers where the amount of retarder is added together with Fair, 
wood or sisal fiber and hdrated lime: or clay according to the type of plaster 
required. Here the ingredients are thorougaly mixed, and the plaster is 
carried to the bagging aed which in eecaicre ail plants. now are auto- 
matic. - . yy " — ae. 
eo In an apparatus developed by Herman Voelker of sche. raw oe is 
eeiaea by coming in. contact with a coil filled with oil ReaheS to-.a pEraEe? 
temperatures é 


MaNTURACTURED PRODUCTS: 


The most important.use for calcined eypsum, amounting to about 2 4 to 
3 million tons annually, is as wall plaster, often called stutco. ~The whiter 
varieties are called, in connection with certain trades, plaster of Paris. 
Wall plaster, commonly knowm as hard wall plaster, may be grouped: into four 
classes: (1) Cement plaster - which contains calcined sypsum anid retarder, 
with or without hair;. (2) wood-fiber plaster, which contains calcined sypsum 
retarder and-wood fiber; (3) prepared plaster, which contains calcined eypsun, 
retarder, sand, and hair or wood fiber; and (4) finisning plaster, which con- 
tains calcined  Sypsumy with or without retarder, and with or without hydrated 
Tae , | 


“ pees of Plaster 
) ' Neat. gypsun laster, - Neat gypsum plaster (more cormonly but: wrongly 
called "cement plaster"): ordinarily contains no less than 85 per cent of cal- 


6 Chen, Abstracts, Vole 23, No. 12. June 20, 1929, pe S057. 
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cined gypsum, the remainder being h ‘drated line, round clay: asbestos, re e 
er, or fiber. Four to six Banda of goat or cattle co Pager tine erg trig 
of plaster. In addition some manufacturers use one or two pounds ‘of manila 
or sisal fiber. The purpose of the fiber is to hold the plaster together while 
it is being applied and to prevent it frém dripping from the keys that are 
formed behind the lath. oe Sa eS a ta. Be 


Wood-fiber plaster. - Wodd-fiber plaster contains at least 80 per cent 
by weight of calcined gypsum and not less than 1 ver cent of.a nonstaining . 
wood. The remainder may be composed of hydrated lime, ground clay, asbestos, 
sand or substance of similar nature, and retarder. Thirty to forty pounds of 
shredded poplar, lime, willow, or buckeye wood are used to a ton of plaster. 


Wood-fiber plasters are intended for use where sand is scarce. or: expen- 


sive, or where unusual toughness and a.measure of f Llexibilit 
They are intended to be used eet nout admixture of sand Oy acceler ly con- 


venient for patch work. Most sand has an accelerating influence on gypsum 
plasters, since they are prepared for use without sand; less. retarder may be 
used than for those kinds intended for use, with sand. Ordinarily 4 or 5 pounds 
of commercial retarder to the ton will keep such plaster in proper working con- 
dition for two hours, which gives ample time for mixing and applying. a 


Considerable quantities of ready-mixed .gypsum plasters are shipped 
"from some mills. In some of the larger cities, mixing plants take the calcined 
gypsum in car lots and mix it. with ‘sand for the local trade. It is not eco- 
nomical to ship sanded plasters any considerable distance. If local sands are 
not suitable for mixing, it is generally cheaper to use wood-fiber plasters. 


Keene's cement. - Keene's cement consists of dead-burned gypsum, that 


is, gypsum heated, to 500 to 600° Cc. (900 to 1100" Ee) to which the property 
of quick sctting is restored by the use of certain § ts which act aS, positive 


catalysers. .It is made by calcining lump gypsum to a red heat; treating with 
a 10 per cent solution of alum; reburning to a dull rod heat and then grinding. 
The solution commonly used in making Keene's cement (which is also known as 
marble cement, MacLean's cement, alum cement, and in France as Cement Anglais) 
consists of 77 to 83 grams of potash alum to aliter of water. Hot water is 
generally used, thereby increasing the solubility of the alum. 

Keene's cement as originally made in England vas produced by purning 
lump gypsum at a temperature only high enough to produce the hemihydrate 
(2CaS04, HO), soaking the lumps in a solution of alum, or aluminum sulphate 
‘and recalcining at 500° C.. (9329 F,), after which ‘the lumps were ground.” 
Instead of lumps, finely-ground calcined gypsum may be used. In this case 
the calcined gypsum.is mixed with the alum solution and the hardened masses 
are broken up and burned in. a vertical or a rotary kiln at temperatures of 
900 to 1400° F. i 2. ee a 


It is reported that most of the producers of so-called Keene's cement 
in this country calcine lump gypsum. .in stationary kilns, grind it to a very 
fine powder, and add a small amcunt’. of. powdered borax and other chemicals. 
The mixture ig¢ not recalcined and is marketed as American Keene's cement. 
Mixtures of aluminum sulphate and Sodium sulphate are doubtless employed to 
to give the burned gypsum proper setting properties. | as 


9 Gncyclopedia Brittanica, llth Ed.,’ Vol» v.- Pe BGS! 


The amount of standard retarder used in different kinds of gypsum plas- 
ters may vary from one to fifteen pounds per ton of plaster. Gypsite plasters, 
as previously noted, require very little retarder other than the clay nat: urally 
present. Wood fiber plastexs for use withoud sand require only 3‘or 4 pounds 
of retarder, while plasters intended to be mixed with three parts of Sharp sand 
for use on brick or terra cotta may require 8 or 10 pounds of retarder, | 

7 Plasters intended for mixing by machine are retarded heavier than other 
plasters, for it is difficult to keep the mixer clean, and additional retarder 
is nore to overcome the i a effect of set preercee 


"Plate Glass 


. Many tiounsads of teas. of calcined eypsum are used RT oe in. connec- 
tion with the plate-glass industry. The glass is imbedded in gypsum paste 
preparatory. to polishing and is held by a gypsum matrix during the polishing _. 
process. The strength required for this purpose is not great, and the set. 
gypsum may be crushed, ground, and recalcined. Some fresh mineral is added 
each time, however, to give greater life to the plaster. For plate-glass pur- 
poses material free from grit is required, and this is secured by using ; Sypsum 
of oy Bree or by exceedingly fine grinding. 


Surgical and Dental Casts 


. Plaster casts are commonly used. for holding broken limbs in place while 
the bone is knitting. During the war hundreds of tons of domestic plaster of 
Paris were used in making orthopedic bandages. Open-mesh bandages are passed 
through'a tray containing plaster till the meshes of the fiber are filled. 
They are then rolled while dry and laid away for use. When applied, the rolls 
are soaked in water 10 minutes and then unrolled and wound firmly about the 
injured limb until a closely-kmit strong splint is produced. 


An exceedingly fine fast-setting plaster is used in. pene dental moldse 


Plaster of Pgris, finely ground and properly colored, is sold in small 
and. large packages for tinting interior walls and ceilings. It is said that 
40 tints can be made from three colors, red, white, and blue, by mixing with 
white plaster, Five pounds of the plaster will cover 50 square yards of surfacee 


‘Considerable quantities of calcined gypsum are required for pottery and 
terra cotta molds, Gypsum for this purpose is usually calcined to the second 
settle; it is short working and dense. Up to 1916, most of the pottery plants 
insisted on having material made from Nova Scotia gypsum, but when this supply 
was cut off by the war it was found that some beds of domestic gypsum gave 
oe good a <a 


| In. the dencenetere of Beteecthonsey a very find grade of calcined | 
gypsum is used as molds, especially - in chocolate covered bonbons. . 


‘Plaster and Wald. Board 


7 T e matneds used. in same aetarih sum plaster board and wall board 
are quite similar. Since Wall board soe SPT surface, matte ae 
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board 48 covered: with pistes. it is éssential that vall board ‘be uniform in 
thickness and attractive in color. ; These propertiés are not so essential in 
plaster board. It is necessary. to nave thickness sufficient for’ strength, 
but ‘the fact that some plaster boards are ) Somewhat thicker ae others does 


“ne ars 


ig Sa li titieAnis Saek tad oe aeben aes matrixiis highly essential 
in ork types-of boards. Considerable care must be taken in the mixing of 
the paste, for the intergrowth of the crystals into tne chip board seems. to 
take place most efficiently during- the earliest stages, and "peslers" may 
result if mechanical mixing is used. - Grystallization, wnich is accelerated by 
agitation, must not go too far in the hopper, or the board will lack strength. 
The chip. board mst not be sized enough to prevent moderately prompt water 
- penetration,.as the water carries with if some ‘gypsum-vhich becomes. crystallized 
in the fiber and tims binds. together firmly the matrix ‘and the. chip board. On 
the other hand, if the chip board takes 2 water U0e ee it loses. its 


. Stability. end tends to encuee as) fo 


The chiv board is. derayoued: in large rolls aa the: a aoaetes made 
by mixing slightly accelerated calcined eypsum and water, either on the lower 
Sheet or in a mixer, is: spread out between the layers of paper as the plastic 
mass passes between rollers. The edges are cither molded, trimmed with saws, 
or made true by folding the edge of the lower sheet of the chip board under or 
over: the edge of the upper sneet. If the lower sneet is folded -over. the unper 

the flap is turned over about 1 inch and is run vhnouen ue abrasive Wheels so 
" as ne aaEe? the edge of the Dapere : Yee e 

The’ ies bee Nessa is alloyed to run out on a Ceveriae: belt until the 
plaster has sect sufficiently. to make it possitle to handle the. boards without 
breaking. It is then either cut into avpropriate’ lengths b;r knives or,saws, 
or perforated so that. the shect can.be broken bo. Sizes 


After the plaster in the board has hardened SO Phat th 1G appara may be 
handled Conveniently, the boards ane “placed ina dryer and subjected to moderate 
heat to remove the surplus vater in the chip board. The temperature must not 
reach a. point which would derive the gypsum of ‘any or a water ee erystalli- 
zations a a 


Stean’ aatatexs are ee aed to “furnish thé heat,‘ although in some 
instances carefully regulated direct heat obtained ‘by: burning’ coke tn a furnace 
attached. to. a peer is used... ioe : 7 


Gyosum Lath 

Other new products similar. ta plaster eeea are now on the market. 
Rock kath has a fireproof plaster base and is made in sizes ranging from 18 by 
32 inches to 48 by 32 inches, and is 3/8 inch thick. The laths are packed in 
bundles of six or eight, “according to Sizes | 


. _ Leck lath is. a plaster | Jath or board, and although constructed of 
gypsum plaster and paper it bears little “resemblance to what the trace l:nows as 
ordinary plaster boards The chip board used is saturated on one side. vith 
liquid asphalt, thus overcoming the penetration of moisture into tae plaster 
ASDAQ —— #9) _ 
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core, Which brings about lack of strength in the board. Then again, the fail- 
ure of the bond betwéen the lath and plastering material when subjected to _ 
high temperatures. such aS wouli be experienced in case of fire, due to the burn- 
ing of €he chip board ef. the ordinary plaster Lath, is overcome by the ‘grooved 
face: Which :is:cHaracteristic of lock, ‘lath, * This grooved face forms a perfect 
bond “between thé plaster and thé lath even after the paper has been charred. 

The only size‘!in:Which these laths are made is 48 by 16 inches. 


leh and Tile 


| the 1 fenufacture of gypsum block and tile in the United States eiavted. 
about ‘the year 1900, and Pee ies the American gypsum-bloc’: industry was on a. 
firm footing.: °° 


Gypsum blocks consist of not less than 95 per cent gypsum by weight 
and 5 per cent or less of nonsStaining wood fiber, First settle calcined gypsum 
is.wsed ordinarily in their manufacture. — 


Gypsum blocks as used in nonbearing partitions are best known to the 
building trade. Closely related to the partition block is the furring block, 
which is merely a partition block split or sawed through the center, 


Blocks, generally reinforced, are used in roof construction. They may 
be made at the factory or poured on the job. The compressive strength of 
gypsum is of considerably more importance for use in floor and roof construc- 
tion than for any other purpose. The compressive strength of gypsum depends 
upon the amount of water used in mixing,the method of calcining, the dryness 
of the material, and the purity of the mineral. First-settle gypsum has been 
used successfully for roofs and floors, though its compressive strength is not 
equal>to the second settle product, 


Gypsum carrying impurities sufficient to affect its compressive 
strength may be used for flooring and roofing provided the cross section of 
‘the slab is figured somewhat more liberally to allow for any difference in 
strength. For any rock gypsum now in commercial use the increase in the sec- 
tion required to balance such impurity would be small.. | 


As gypsum is an exceedingly poor conductor of heat, it has an import-— 
ant advantage over certain other substances used in making roofs and floorSe 
A gypsum roof slab as ordinarily made shows a heat loss per square foot per 
hour, for each degree difference in temperature, of 0.4 B.t.u. as compared 
with 1.2 B.t.u. loss for an equal thickness of cinder concrete, and 2.0 B.t.u. 
loss for an equal thickness of stone concrete. These figures justify the | 
statement that where a gypsum roof is used instead of cinder concrete, between. 
latitudes of* 39 and 42, there is a saving of 10 per cent of the initial cost 
of the heating plant, and a saving of 20 to 25 per cent in the cost of fuel. 
These savings are, of course, greater if comparison is. made with stone concrete, 
and are still greater as compared with clay tile. . | 


These figures showing relative nonconductivi ty are as. favorable to 
gypsum.if summer conditions, instead of winter conditions, are under consider- 
ation. The gypsum roof is cool, and lofts may te used with comfort where 
gypsum is the roofing material, which would be intolerable otherwise, 
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_ An important fact that deserves special mention is found in the pro- 
tection given by gypsum roofs and floors to the structural steel that carries 
the weight of the building. At temperatures of only 800° F, steel loses 10 
per cent of its strength, and at 17000 F, it loses 50 per cent of its strength. 
It is exceedingly important, therefore, that in fireproof buildings, where the 
contents of: the building may create high temperatures, that the steel be given 
ample protection. 

Gypsum roofs and floors are lighter than any other form of fireproof 
construction, Certain types of poured roofs do not weigh over 12 pounds per 
Square foot for average purlin spacing, ready for finish or waterproof surfac- 
ing. A 4-inch poured slab weighs but 16 pounds per square foot. Precast roof 
blocks have the Following weights: 


Type § . ‘Length. . | Thickness Width | Weight per 


(inches) (inches) = ~=+(inches) Bqe foot, lbs. 
Solid) 80 Ba 
Hollow ZO 7 ae a RS te (14 
Siaos . 48 to 72 eR doe, ge 5 *  - 14 to 16 
. Tha 20-inck blocs, eithcr solid or hollow, set in Tee-iron sub-purl ins, 


save 40 ner cont in Ssvo0e. over: relay] oc tit ) conturucticns 


Gyro rocts and floors are more elastic than concrete structures and 
the vitvsatious from ucchinery oz éther causes do not deveioo cracks, which are 
often troublcz3me where a less poet yiont construction peter ier is used. 


“The POO Vita Valen eypsum sets’ makes rapid construction possible. 
The forms ou eaphers froa soured units can te removed in <0 to 30 minutes, 
In the case of a »noured voor or floor the bbe surface is sufficiently 
strong to be used et -once, and, Within an hove, v.vvices a working fioor that 
may be satsiys uted uncer the lends for vhich 3 it 73 Gesimned, The use of pre- 


Coot fie eal pec a. Ot ecuNait. of the large size of “ne unit and its 
ligatness, pronctes tapid consvruction, 


In the case of poured roofs and floors, the sypsum gorerates consider- 
able heat while setting and it is possible to proceed = the work even when 
Mendon are eetencnne ene™, epece ines 


: The steel poi torecaent used os structural gypsum is remarkably free 
from corrosion. Wires Wiich -have been imbédded for 15 years heve been examined 
- repeatedly and, aside from a thin film of initial rust that always forms when 
a wet substance touches metal, the steel is as bright as when installed, 

| Gypsum has been used -as.a roofing material in Amorica since 18983 and 
sufficient time has elavecd,. therefore, to demonstrate its durability. Gypsum 
roofs ares of tivo times, one poured roof, and the roof slab, YTacn tyme has its 
advocates bit) oradir.utiig. Lecal conditions will determine which should be 
employed, Potn ee er ere meet ge as aera for fire protection, 
durability and econui’. 
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The principle involved in the poured roof is that of the suspension 
bridge. Steel cables, properly spaced, carry the entire load with an ample 
margin for safety, so which factor of safety may be added the compressive 
strength of the gypsum roof deck. Cables composed of galvanized wires are 
carried over the tops of the beams on purlins and are secured to them and the 
walls by strong hooks, bars or anchors. The cables are laid parallel to each 
other at intervals of 1: to 3 inches, varying according to spans and loads. | 
The cables pass under an. iron bar midway between the purlins which causes a 
uniform deflection in the cables... Forms are placed about an inch below the 
round iron bar.which crosses the center of the cables. When the gypsum paste 
is poured on this form till it stands about one-half inch above the ee of 
the purlins, the slab has a thickness. of about three inches. 


The gypsum paste consists of calcined gypsum and water, with reise 
shavings or shredded wood, preferably of. some nonstaining sort. The percentage 
of water used in mixing is highly important as it affects the compressive 
strength of the slab more than any other single factor. Over the gypsum slat 
a layer of ordinary slag roofing 1s commonly poured. A variety of waterproof 
compounds may be substituted for the, slag.cement, any one of which will: suc 
cessfully keep water from the gypsum siab, whith is.80 essential. | 


Factory-made blocks, reinforced, but otherwise like gypsum partition 
blocks, are used in roof construction. The tendency, however, is to use larger 


units, molded on the job, such as blocks. 10 feet long, which extend from truss 
to truss and eliminate the. Tee-irons ordinarily used. in roof. construction, ae 


“The same types’ of construction used for. roofs are eee for floors 
in fireptoof buildings. In addition to these a gypsum floor tile or filler for 
use in reinforced concrete floor construction is popular. These floor tile or 
domes are light and permit of long floor.spaces. They have. solid ends which 

Teduce the loss of concrete at the points where cement is poured, The bottom 
of these tiles makes an excelient surface ‘for the plaster of the ceiling formed 
by the floor, 


Floor’ tile of this’ type are spaced 24 inches on centers and are about 
one-half the weight of clay tile. bint : 


Partition Tjle 


Gypsum partition tile are either solid or partly hollow, depending on 
their thickness and on the load they are intended to carry. The. 25 and 5 inch 
Sizes have single rows of core holes, ‘The 6 and 8 inch sizes have! tivo rows of 
Core holes, | 


' The tiles are either hand moldéd or machine made. The hand-molded 
ile is equal ‘in quality to the machiné-made article. Economies growing out 
of the application of elaborate machinéry to the manufacture of gypsum tiles 


a been ‘very great, and in consequence the machinery used is relatively 
Mle, “ : noe 


£6 Hand-made tiles are molded on rubber mats. <A frame with height equal 
the thickness of the block desired is used to hold the plaster mixture. 
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Calcined astee: which has been mixed with fiber and water until it has the 
consistency of thick soup is poured into the frame, which is so constructed 
that it can easily be detached from the contents of the frame as soon as the 
plaster has set. The calcined plaster is not ‘retarded and the hardened block 
can be removed from the frame a Tew moments after pouring. 


Wooden cores, ee so that they may more easily be removed after the 
block hardens, are inserted in the frame before the calcined gypsum paste is 
poured. When hollow tiles are machine made, various mechanical appliances are 
used to force out these cores after the tile has hardened. Hand-made tiles 
often have a greater crushing strength than machine-made, due to the fact that 
hand mixing is not carried on as pene as machine mixing, nor is the paste 
agitated as much, 


_ SUMMARY OF - ADVANTAGES OF GYPSUM BUILDING MATER LALS 


a ‘block end tile are 30 to 36 per cent lighter per square foot 
than any other structural material of a similar nature and of equal thickness. 
This greatly reduces the load on colums, girders, and all supporting members 
and ee the use of. Rees with smaller cross sectione 


Heat Insulation 


“Gypsum is a poor Gaia tee of HEB This important property adds to 
its value in. every one of the: many forms in which it is used. as a building 


- material. While its-low heat conductivity is a valvable asset of gypsum plas- 


ters it is an even more important property of sypsum block and tilee 

. Som cea with other Seance used. fireproof materials a gypsum roof 
construction 3 inches in thickness will save about 125 square feet of radiation 
(or 290 linear feet of 13-inch pipe) or from 3 to 4 tons of coal for heating 
coy cea for eacn aoe ee oor. - noo OTCBe 


The Peiveniae Hues a ee eaeiaes of: foste in terms of Bet elle transmit- 
ted per hour per degree difference in i ae ha through different thicknesses 
of gypsum and concrete: eo | | 


Be Uy. Us 
- ‘Thickness (inches) “Bee a Gypeum ee Concrete 

0.250 0,667, 0¥780 

e500 sod 0770 

50 - 24503... e7D7 

Tee 2 0875. 0476 " - e750 

- 1,000 . - ~855.* 1a * 9 745 

3000 ecte 2670. 

4.000 e196 e655 
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Fi reproofing 


Gypsum also possesses a peculiar virtue as an insulating material for 
protecting columns and beams of wood or metal fromthe hish temoeoratures that 
develop during a conflagration. This property grows out of the fact that the 
gypsum must be deprived of its water of crystallization before its tenperature 
can be made to rise above that of its dehydration 105° F.) It has been proven 
by laboratory tests that a protective coat of two inches of gypsum will protect 
steel against the temperatures that develop in severe conflagrations. 


Gypsum plaster board is one of the few forms of.wall board on the 
market that has fire-eresisting features. Its. value in this connection is 
reognized by the Underwriters, and numerous State and Federal bureaus recom- 
mend the use of gypsum plaster. board. \Gypsum board itself will not burn even 
at high temperatures and is capable of withstanding great heat for a long time 
Without pecan ane © down. It thus presents an effective barrier to the spreading 
fire, ge AE oe, Oe ee Se hg BR wg 


Plaster board does not shrink, expand, Warp, or buckle, and, for all 
situations where a type of construction more flexible than a plastered surface 
is desired, it offers: greater advantages’ than nearly any other form of con- 
struction material. 


Gypsum blocks have received the full. approval of the Underwriters’ 
Laboratories for use in nonbearing partitions, Stairways and elevator enclos- 
ures in fireproof building eOpEn eae ue cas ‘ ; 


An important fireproofing feature. ‘of sypsum . blocks is their freedom 
from expansion and contraction during great changes in temperature, and there- 
fore they are the most suitable. material for the Govering of steel girders 
and beams, Tests have shown that gypsum blocks have 40 per cent greater re- 
sistance ‘to heat conduction: than other standard: materials tested. 


~~ 
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